1 APPARATUS AND METHOD FOR DETERMINING 

2 THE LEVEL IN A COKE DRUM 

3 This application is a continuation of patent application serial number 60/276,856 

4 filed on March 19, 2001. 

5 BACKGROUND OF THE INVENTION 

6 1 . Field of the Invention 

7 The present invention relates to delayed coking processes and coke drums in 

8 particular. More particularly the invention related to a system for accurately determining 

9 the froth or foam level in a coke drum on a delayed coking unit. 
10* 2. Related Information 

Delayed coking processes are used in petroleum refineries to convert residuum, 

lij vacuum tower bottoms or other asphaltic process streams - normally referred to as charge 

13jJ on a delayed coker - into more valuable refinery products such as gasoline, diesel and gas 

lli oils. Process equipment normally associated with a delayed coker are a main fractionating 

Lai 

IS* tower, furnaces, coke drums, fractionation equipment, pumps, a compressor, various heat 

m 

\G exchangers, etc. One of the products produced on a delayed coker is petroleum coke 

ry 

17 which is formed in the coke drums. 

18 In the delayed coking processes, the residuum or other asphaltic material is 

19 circulated through a furnace for heating to coking temperature and then delivered to the 

20 coke drum where a coke product as well as the more useful products form from the thermal 

21 cracking of the heated heavy hydrocarbons. The overhead of the coke drum is quenched 

22 and circulated to a combination or fractionating tower for separation of the overhead into 

23 gas, gas oil, fuel oil, naphtha and the like. When the coke drum is filled with coke, a 
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1 mechanical process of removing the coke from the coke drum is begun. Generally during 

2 the process of removing the coke from the coke drum, the circulation of the heated heavy 

3 hydrocarbon is switched to a second coke drum which fills with coke as the first coke drum 

4 is being mechanically emptied. The time between switching coke drums is the coking 

5 cycle. Most delayed coking units are operated to maximize charge rate. The variable that 

6 generally controls or dictates the charge rate is the level in the coke drum. In the 

7 vernacular of the industry that level is referred to as the foam level. 

8 Once the foam level has reached what is considered an optimum level the charge 
from the furnace is switched to a second drum. The filled drum is then steam stripped for 

1(8 removal of residual light hydrocarbons and then cooled with water. In the process of 

in 

1 K stripping, cooling, etc., the material in the coke drum solidifies into petroleum coke which 

lii is removed mechanically. 

135 Tne coke drum is designed to contain the coke and any other phenomena 

l¥ associated with the formation of petroleum coke. An inherent part of that process is the 

Ul 

l|| formation of foam in the coke drum. Downstream equipment used to recover the higher 

■fy 

16 valued products from the coking process are not designed to handle the foam hence the 

17 need to assure its containment within the coke drum. 

18 Many theories abound as to the phenomena of what is taking place in an operating 

19 delayed coker coke drum. The common theory is that the coke forms from the bottom of 

20 the drum up as the heated charge passes from the furnace into the coke drum. This theory 

21 says that "rat holes" form in the coke which allows the subsequent material to pass up 

22 through the drum. 

23 The inventor herein has noted that the material left in the coke drum which has not 
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1 been properly cooled oozes out of a coke drum after the head is removed which 

2 contradicts the theory that solid coke has formed. Also large amounts of steam, which is 

3 a vapor at the process conditions (temperature and pressure) utilized in the coking 

4 process, are injected with the charge residuum at the furnaces. If the hot residuum formed 

5 solid coke with "rat holes" as soon as it entered the drum as previously describe, an 

6 inordinate amount of back pressure for the incoming charge would develop. Further, by 

7 design 45+ % of the residuum vaporizes in the coking furnaces. Ultimately as much as 70 

8 % by weight of the charge is thermally cracked to hydrocarbon vapors in the coke drum 

9 which has to flow up through the material in the coke drum into downstream recovery 
ldP equipment. This vapor flow would be impeded and aggravate the back-pressure problem 

1 ff: if solid coke was forming from the bottom of the coke drum upward as the drum is fed. 

y i 

1$ SUMMARY OF THE INVENTION 

m 

if The invention is based upon the hereto before undiscovered phenomenon that the 

O 

l5 material in the coke drum is a boiling, highly viscous and fluid mixture of hydrocarbon 

l§n material in which thermal cracking is taking place. The thermal cracking, the vaporization 

llP that has occurred in the furnaces, and the steam injected at the furnaces result in the 

17 evolution of large bubbles of hydrocarbon gases and steam. The bubbles at the bottom 

18 of the drum are smaller and grow into larger bubbles as they flow upward through the 

19 boiling, cracking mass of hydrocarbon material being fed into the drum and combine with 

20 other cracked hydrocarbon vapors and steam. The entire mass of material in the drum is 

21 being continuously fed and is boiling much as viscous material boils on a kitchen stove. 

22 The boiling mass of material in the coke drum has a hydrocarbon vapor and steam-foam 

23 or a hydrocarbon vapor-bubble interface where the large bubbles are bursting. This 
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interface moves up the drum as the drum is filled from the bottom. The material left in the 
drum after the bubbles burst is the material that forms the petroleum coke when cooled. 
If this material is carried out the top of the coke drum into downstream equipment serious 
fouling and upsets occur. Hence, after this hydrocarbon vapor-foam interface moves up 
the drum, it is extremely important to accurately monitor that interface to assure the foam 
does not go out the top of the drum with the hydrocarbon vapors. 

The hydrocarbon vapors in a coke drum have a lower density immediately after 
switching to a new drum. After running into the drum for several hours the hydrocarbon 
vapors tend to get more dense for a few hours. The hydrocarbon vapors get even more 
dense near the foam front and the foam is very noticeably denser than the hydrocarbon 
vapors. Since the material in the coke drum is a boiling mass with larger bubbles at the 
top and smaller bubbles at the bottom, at steady state conditions the material in the drum 
has a density change that is fairly linear being less dense at the top and more dense at the 
bottom. At non- steady state conditions, though, the density at any given point in the drum 
changes. 

The density of the foam or boiling hydrocarbon in the coke drum at any given 
elevation in the drum from the top of the hydrocarbon-foam interface down to the bottom 
of the drum and at any given time changes as a function of several factors. Some of these 
factors include the type of feed being fed to the coke drum, the velocity of the hydrocarbon 
vapor flow through the boiling mass as a result of the feed rate to the coke drum being 
changed (something not abnormal on a delayed coking unit), injection of an anti foam 
material into the coke drum which helps to collapse the bubbles at the hydrocarbon vapor 
and the steam-foam interface by reducing the surface tension of the bubbles, sudden 



1 changes of pressure inside the coke drum from switching the coke drums and other normal 

2 functions on a delayed coking unit, changes in temperature inside the coke drum, etc. This 

3 phenomenon had not been previously recognized by the industry, but it can be 

4 demonstrated by and likened to boiling viscous material in a pot on a kitchen stove. 

5 The discovery and use of the heretofore unknown phenomenon enabled the 

6 inventor to determine the appropriate length, configuration and mounting of nuclear 

7 detectors and use, calibrate and display the output of those detectors in a distributive 

8 control system (D.C.S.) or computer to precisely track and monitor this phenomenon and 

9 which is the invention. 

1(0 The system may most briefly be said to comprise: 

w 

1 jP (a) a plurality of linear radiation detectors mounted length wise along the height of 

m 

12^ the coke drum; 

l| ! (b) a radiation source or sources mounted on the coke drum opposite said radiation 

l|I detectors; 

Iff (c) each of said radiation detectors initially calibrated to read one hundred per cent 

lSJ level when no radiation is detected. 

17 The method of detecting the level comprises: 

18 (a) placing a plurality of radiation detectors along the height of said drum; 

19 (b) placing a radiation source on said drum opposite said radiation detectors; 

20 (c) calibrating each of said radiation detectors to read zero per cent of level at the 

21 radiation count transmitted when only hydrocarbon vapors are present in the drum 

22 (d) Initially calibrating each of said radiation detectors to read one hundred per cent 

23 when no radiation is detected 
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(e) correlating the detected radiation as a percentage of the height of each radiation 
detector as radiation is blocked by the foam level rising in the coke drum; 

(f) transmitting the radiation count of each radiation detector to a distributive control 
system or computer for display; 

(g) multiplying the percentage reading for each detector by the fraction of height 
each detector is in relation to the total height of all the detectors to give a product; and 

(h) summing all of the resulting products to give a foam level. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURE 1 is a schematic in plan view of a coke drum showing the location of the 
radiation source and detector tubes. 

FIGURE 2 is a schematic of the method of calculation of the foam level. 
FIGURE 3 is a schematic in plan view showing more detail of the mounting of the 
detector tubes on the coke drum. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Because of economic considerations it is important to safely utilize as much of the 
drum capacity as possible. In addition, the industry practice is to inject a material into a 
coke drum in an effort to minimize the height of the foam as previously described. The 
anti foam agent is typically a silicon based compound or chemical. The silicon is 
deleterious to downstream processing units and therefore its usage is generally limited to 
minimize that impact. Typically anti foam agents are injected when the foam front nears 
the top of the coke drum although some refiners inject the anti foam agent on a continuous 



1 basis. The level system of the present invention allows optimizing the amount of anti foam 

2 agent used to control the foam level in the drum. 

3 Due to the importance of not allowing foam to flow out the top of the coke drum it 

4 is extremely important to accurately and continuously monitor the foam level as it 

5 approaches the top of the drum to assure that does not happen. Accurately and 

6 continuously monitoring the foam level has heretofore not been possible because the 

7 phenomenon of the boiling hydrocarbons which is happening in the coke drum was not 

8 understood. The present invention, however, provides a system which continuously 

9 monitors with extreme accuracy the foam level in the coke drum to within +/- one foot. 
1(P Accuracy is only limited by changing dynamics at the hydrocarbon vapor-foam interface 

.saw, ' J 

1 jP due to the numbers and size of the large bursting bubbles. 

l3j3 Based upon the "rat hole" theory the prior art drum level detection systems typically 

if 1 use back scatter radioactive devices which are normally referred to as point detectors, 

lfi meaning each detector provides an indication at a precise point on a coke drum. The 

191 system works on the basis of the concentration of hydrogen ions or molecules in the 

0 

lSJ material in the coke drum. Usually a point detector level system consists of four point 

17 detectors mounted at different elevations on the coke drum. Each detector has a 

18 radioactive source that emits radiation. The particular radiation emitted is absorbed in 

19 proportion to the concentration of hydrogen ions or molecules present. Each detector is 

20 capable of monitoring an area of the coke drum that is approximately a thirty six inch 

21 diameter circle. The measure of the amount of radiation absorbed is used to indicate more 

22 or less dense hydrogen rich material at that area of the coke drum. Since the material in 

23 the coke drum is hydrocarbon based material hydrogen ions or molecules are present and 
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1 the concentration of the hydrogen ions or molecules are indicative of the density of the 

2 hydrocarbons. Since coke drums range from sixty to one hundred twenty plus feet in height 

3 and eighteen to thirty plus feet in diameter, four detectors such as these point detectors 

4 cannot monitor a long vertical distance of the drum to provide continuous measurement of 

5 the hydrocarbon vapor-foam interface. Consequently the drum cannot safely be utilized to 

6 the maximum. 

7 The other prior art level system in use over the years consists of one long (1 6 to 20+ 

8 feet) detector (an ion chambers or other long linear detection device) mounted on the side 

9 of the coke drum which measures the amount of radiation emitted from a radioactive source 

lB which is mounted on the opposite side of the drum. 

p 

1 jt The output of a linear detector is the average radiation count over the entire length 

1 J of the detector. Consequently the output of the detector can indicate the same radiation 

31 

13 with a less dense material between the radioactive source and the entire length of the 

lit* detector as with a more dense material between the source and the lower one fourth of the 

lP detector. Hence with a changing density in the coke drum one detector cannot provide an 

l9 accurate indication of the foam level by the time the foam has reached the top of the 

17 detector tube. 

18 The industry has not applied or used the heretofore undiscovered phenomenon 

19 noted by the inventor to develop a level system that is accurate. The assumption has been 

20 that the density of the foam in the coke drum is a constant and that the long detector 

21 accurately reflects the foam level once calibrated when it fact it does not. Industry has 

22 never configured the various components of a radioactive system to provide an accurate 

23 and continuous portrayal of the hydrocarbon vapor-foam interface phenomenon. Too, the 
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1 prior art systems cannot be calibrated to provide a continuous indication of the hydrocarbon- 

2 foam interface that is accurate for the reasons indicated above. 

3 Because of the size of the foam bubbles in a coke drum and varying density of the 

4 foam in a coke drum the invention requires a level system having multiple radioactivity 

5 detectors such as ionization tubes, scintillation detectors or other types of linear detectors 

6 of varying but relatively short lengths mounted vertically along the side of the coke drum to 

7 achieve the resolution necessary to provide accuracy of measurement. A long detector 

8 configured with switches or other devices to make it perform as several short detector tubes 

9 can also be used. 

liP Each detector can be from one to two feet in length up to six feet or so in length 

1 p depending on the total length of the level system and the diameter of the coke drum. The 
l£ resolution needed to achieve the desired accuracy determines the length of each individual 
if 5 detector and requires that the level system is always to be comprised of multiple relatively 
lju short detectors mounted vertically along the side of the drum. The number of detector 
ltf? tubes used is determined by the vertical distance of the coke drum to be monitored. The 
iW detector tubes may be mounted end to end or be separated by some nominal distance 

17 determined by the drum diameter. Individual detectors mounted end to end but separated 

18 by a nominal distance provides greater accuracy for larger diameter drums. The strength 

19 and number of radioactive sources to be used with each level system is determined by the 

20 manufacturer of the radioactive source and the detectors. Suitable radioactive sources are 

21 Model No. SH-F2-01K-A30-M3-SOO-PO Radioactive Source Holder with a 1000 Mci 

22 Cesium 132 Source manufactured by OhmartVega Corporation of Cincinnati, Ohio. 

23 Suitable scintillation detectors include Model LSTH-060-HO-MO-SOO-PO also 
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1 manufactured by OhmartVega Corporation of Cincinnati, Ohio.. 

2 The detectors are initially calibrated such that when the coke drum has hydrocarbon 

3 vapors in it, e.g., after the drum has been charged for three or four hours, the radiation 

4 count at that time will represent a zero foam level at the detectors. Whether it is done at 

5 that time or at some other time, the window on the radioactive source holder is closed such 

6 that no radiation is detected by the detector. Each individual detector is then calibrated 

7 such that this reading represent 100% for each detector. If there are five equal length 

8 detectortubes comprising the entire detector level system each tube at 100% will represent 

9 one fifth or 20% of the entire foam level. 

l8 After the drum is charged the level detectors are recalibrated to provide the extreme 

Iff] accuracy required to monitor the foam level. Foam rises in the coke drum as the drum is 

1$ charged and passes the lowest detector which causes the radiation count transmitted from 

01 

13 the detector to begin to fall. When the foam passes the top of a lower detector the radiation 

# of the next highest detector will begin to fall. The lower detector will then be recalibrated 

M> 

IpJ to indicate 100 per cent level at the radiation count it was reading at the time the radiation 
count on the next higher detector begins to fall. The remaining detectors are recalibrated 

17 accordingly. The radiation count used to reset the 100 per cent level of all the lower 

18 detectors is linear and the radiation count determined from that linearity is used to 

19 recalibrate the top detector to indicate a 1 00 per cent level of that detector. 

20 Referring now to FIGURE 1 a schematic of the coke drum 10 with the radiation 

21 sources 41 and 42 in place is shown. The coke drum 10 is shown to have an inlet 20 at the 

22 bottom where the heated residuum or hydrocarbon is fed. Vapors formed as a result of the 

23 thermal cracking are removed via an overhead line 30. Flanged header40 provides access 
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after the coking cycle is complete. Opposite the radiation sources are the detectors 51-55 
each having active lengths 51 A-55A within the tubes but generally not extending the entire 
length of the tube. The signals representing the radiation count from the detectors are 
carried to the control house and computer via electrical signal lines 61-65. 

Referring now to FIGURE 3 more detail of the mounting of the detector tubes 51-55 
is shown. A central mounting bracket 70 is secured to the outside of the coke drum 10. 
Detector tube 51 with sensing element 51 A is mounted to the central bracket 70 by 
mounting brackets 71 and 72. Detector tube 52 with sensing element 52A is mounted to 
the central bracket 70 by mounting brackets 73 and 74. Detector tube 53 with sensing 
element 53A is mounted to the central bracket 70 by mounting brackets 75 and 76. 
Detector tube 54 with sensing element 54A is mounted to the central bracket 70 by 
mounting brackets 77 and 78. Lastly detector tube 55 with sensing element 55A is mounted 
to the central bracket 70 by mounting brackets 79 and 80. The detector tubes 51-55 are 
mounted substantially end to end, however these can be mounted such that there is some 
space separating the sensing elements 51A-55A. 

When foam rises in the coke drum and begins to block or absorb the radiation such 
that the detector tube is sensing less than the zero setting, the indicated output of the 
detector for the tube will begin to show a foam level. As the foam level continues rising, the 
detector tube transmits less and less radiation and the indicated level of the foam rises 
toward 1 00% of that detector which accounts for a percentage of the total level. FIGURE 
2 indicates the calculation as the signals come into the calculator via electrical signal 
transmitters 16-65. The raw count is then multiplied by the percentage of the whole that 
each tube is accountable and then summed to get the total level. 
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Although each tube has been calibrated to show 100% level when it detects no 
radiation, the foam at this time may not be dense enough to completely block the radiation 
and the detector may still be transmitting a radiation count. With the foam level completely 
covering a detector but yet the detector still transmitting a radiation count, the radiation 
count of the detector above may begin to fall indicating the foam has actually reached the 
next level. This resolution is part of the reason for the placement of a plurality of detectors 
along the length of the drum with some nominal distance between the active sensing area 
of each detector. The nominal distance may be a few inches to a foot depending upon the 
desired accuracy. 

The number of detector tubes will depend upon the height of the drum and the 
desired level of accuracy and the vertical height of the drum that is to be monitored. 
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